Meta-analysis has increasingly been used to synthesise the environmental valuation literature, but only a few test the use of these analyses for benefit transfer. These are typically based on national studies only. However, meta-analyses of valuation studies across countries are a potentially powerful tool for benefit transfer, especially for environmental goods where the domestic literature is scarce. We test the reliability of such international meta-analytic transfers, and find that even under conditions of homogeneity in valuation methods, cultural and institutional conditions across countries, and a meta-analysis with large explanatory power, the transfer errors could still be large. Further, international meta-analytic transfers do not on average perform better than simple value transfers averaging over domestic studies. Thus, we question whether the use of meta-analysis for practical benefit transfer achieves reliability gains justifying the increased effort. However, more meta-analytic benefit transfer tests should be performed for other environmental goods and other countries before discarding international meta-analysis as a tool for benefit transfer.
Introduction
Meta-analysis (MA), "the study of studies", is now common in environmental economics and non-market valuation (Smith and Pattanayak, 2002) . Since Smith and Karou's (1990) seminal study of recreational benefits, MA has been conducted for a wide range of environmental goods, from wetlands (Woodward and Wui, 2001 ) to visibility (Smith and Osborne, 1996) . Common to all of these studies is the focus on research synthesis and hypothesis testing, rather than on the more interesting policy question of how MA can be used to improve benefit transfer (BT) practices. Metaanalytic benefit transfer (MA-BT) to unstudied sites ("policy sites") has only been cursory treated in the literature, typically a few pages add-ons at the end of lengthy MA papers, although authors emphasise its potential importance for future research and applications, for example in cost-benefit analysis (CBA) (see the special issue on benefit transfer in Ecological Economics 2006). While there is some knowledge of how unit value and value function-based BT from single studies perform (Rosenberger and Phipps, 2007) , Bergstrom and Taylor (2006:359) point out that "before widespread application of MA-BT models, there is a need for additional MA-BT convergent validity tests across different types of natural resources and environmental commodities." Only a few studies have, to our knowledge, investigated the validity and reliability of MA-BT (Santos, 1998; Rosenberger and Loomis, 2000b; Shrestha and Loomis, 2001; 2003; Santos, 2007; Shrestha et al., 2007) . Four of the studies, however, are based on the same large dataset of use values for different recreational activities in the USA 2 , and are unable to cover the breadth of issues involved in more typical MA-2 A recreational database originally assembled for the US Forest Service maintained over 20-30 years, supplemented with additional data collected for the purpose of validity testing (see e.g. Rosenberger and Loomis (2001) ).
BT exercises, i.e. limited datasets, complex goods with significant non-use values, different level of methodological heterogeneity and mix of international studies to mention a few. Santos (2007) is the only study attempting a comprehensive comparison of two versions of a domestic MA-BT with simple BT techniques often used in practice.
Further, all the above studies can be said to under-appreciate the potential impacts on the MA-BT performance of model specifications, values of methodological variables (Johnston et al., 2006) and other choices the meta-analyst needs to make (Hoehn, 2006) 3 . This paper aims to investigate the validity and reliability of international MA-BT of Non-timber benefits (NTBs) based on a recently published MA of contingent valuation (CV) research in Fennoscandia (a term for Norway, Sweden and Finland) (Lindhjem, 2007) . Compared to previous research on MA-BT, our paper adds several new and interesting dimensions: (i) a more systematic and diverse testing of different MA-BT models, including comparisons with simple BT techniques, (ii) the good we investigate is complex and has substantial non-use values related to biodiversity (rather than mainly use values), (iv) data from three European countries, which are similar culturally, economically, institutionally (e.g. everyman´s right to walk in private forests), and in the way the good is perceived and used, and (v) data are generally more homogenous methodologically since only CV studies are included. We investigate the transfer error (TE) of four different meta-regression model specifications, and use the best two models to compare MA-BT with simple unit value transfer techniques. A key question is whether the use of MA-BT achieves reliability gains justifying the increased effort.
As pointed out by Navrud and Ready (2007a:288) : "Simple approaches should not be cast aside until we are confident that more complex approaches do perform better".
Validity and reliability of meta-analytic benefit transfer

Underlying theory of MA-BT
The simple underlying indirect utility function for a change from Q 0 to Q 1 in the quality/quantity vector describing an environmental good available for individual i is:
where P i , I i are a market price vector and income, respectively, and WTP is Willingness-to-Pay. Since indirect utility functions are homogenous of degree 0, identical individuals from two countries using different currencies will have the same real WTP only if they have the same real income and faces the same real prices. Thus the appropriate exchange rate to use for conversion is the purchasing power parity (PPP) (Ready and Navrud, 2006) . Equation (1) solved for WTP, yields the bid-function that forms the (often implicit) basis for any MA-BT exercise. Following Bergstrom and Taylor (2006) , we further assume what they call a "Weak structural utility theoretic" approach 4 , i.e. that the underlying variables in the WTP-function is assumed to be derivable from some unknown utility function, but that flexibility is maintained to introduce explanatory variables, such as study characteristics, into the WTP model that do not necessarily follow from (1). This is the approach used in most previous MA-BT exercises (for example Loomis 2000b, Shresta and Loomis 2003) . We 4 Bergstrom and Taylor (2006) suggest three main approaches (of which only the first two are recommended); (1) Strong structural utility theoretic approach; (2) Weak structural utility theoretic approach; (3) Non-structural utility theoretic approach.
specify a meta-model that captures j site characteristics X, k study or methodological characteristics M, l program characteristics P, and q socio-economic characteristics S. 
Where, β 0 , β are constant term and parameter vectors for the explanatory variables, and e ms and u s are random error terms for the measurement and study levels, respectively.
MA-BT involves estimating (2) based on previous studies, and inserting values for X, P and S for the policy site under investigation, and choosing values for M (typically average of the meta-data, "best-practice" values or sample from a distribution -see e.g. Johnston et al (2006) ). The meta-model has several potential advantages for BT, compared to unit value transfer or function transfer based on a single study 5 . MA utilizes information from several studies providing more rigorous measures of central tendency that are sensitive to the underlying distribution of the study values (Rosenberger and Loomis 2000b) . Further, as specified in the model above, MA can control for study-specific choices of methodology, and finally it is possible to account for differences in site and programme characteristics between the policy site and the study sites in the meta-data, by setting these variable values equal to the policy site 6 .
Convergent validity and reliability
5 The benefit transfer function from a single study is often specified as WTP i =a + bX ij +cY ik + e i , where WTP i is willingness-to-pay of respondent i, X site/good characteristics (j), Y respondent characteristics (k), e j random error, and the number of observations is equal to the number of respondents (Brouwer, 2000) .
If the process of BT is accurate, it can be used to inform decisions at a policy site, for example in a CBA framework. The focus to date has primarily been on the concept of validity, which requires that the values, or the value functions generated from the study site(s), be statistically identical to those estimated at the policy site (Navrud and Ready, 2007b) . Further, the transferred estimate should be relatively invariant to various judgements by the analyst, for example choice of model specification (Rosenberger and Loomis 2000b (Kristofersson and Navrud, 2007) . Thus, the focus here is on measuring reliability in terms of TE and compare across model specifications and restrictions, and between alternative ways of conducting BT based on the same data. We define TE as
where E = Estimated (predicted) value, T = True (observed) value 7
. Our procedure for measuring TE and checking reliability of BT is summarised in Table 1 . We then 7 It is important to note that this value, the benchmark value for comparison, for example as estimated by a single study, is only an estimate of the assumed, true underlying value and has its own measurement error. 8 As pointed out by Brander et al (2006) this is similar to a jacknife resampling technique. 9 This procedure, i.e. using internal WTP estimates as benchmark for "true" values, resembles how convergent validity considerations often are carried out in the (MA-)BT literature, e.g. starting with Loomis (1992 Table 1 ). There are many different types of meta-model specifications in use, and there is little guidance as to which to choose (linear, semi-log, double-log etc) (Johnston et al., 2005) . Regarding restricted model versions, a model frequently used (though rarely convincingly we decided to test both a fully specified meta-model and a restricted version, like the one used for example in Rosenberger and Loomis (2000b) . 10 In this case, all observations from the same survey from which a WTP estimate has been drawn to represent the policy site, are left out of the MA-BT model used for transfer.
11 A principal reason put forward for this choice is that it is easier to use for practitioners, a reason that may not be valid today as a spread-sheet based BT tool would easily accommodate more variables without complicating the operation. Analyse out-of-sample TE Compare N meta-model predictions and observed WTP for N-1of the meta-data for each prediction, and calculate Mean Absolute Percentage Error (MAPE).
Reliability comparison of different benefit transfer procedures
Compare reliability of simple unit transfer techniques with MA-BT Simple unit transfer techniques based on the most similar study, mean of similar domestic and international studies, are compared with MA-BT transfer. Single WTP observations from each study are drawn randomly as a benchmark, unknown true policy site value for TE calculation.
Robustness of transfer errors to methodological choices and meta-analysis scope Analyse TE across model specifications & restrictions
Two different model specifications (linear, and double-log) and two restricted models are used for transfer error calculations under 1. The two specifications with the lowest TE are used in 2.
Based on the Objectives 1.-.3 in Table 1 , we will get a good check on convergent validity, reliability and robustness of MA-BT, and a comparison with other BT techniques. If the MA-BT approach through these procedures is found (or can be made)
to be reliable enough for certain applications, specific WTP forecasts for different site and programme characteristics (for example a national forest protection plan for Norway) may be calculated for policy use (for example as attempted by Van Houtven et al (2006) for water quality policy). Based on a broad search for studies in the three countries we compiled a meta-dataset consisting of 72 observations, where 1-7 WTP estimates were gleaned from each study.
Meta-data sources and regression results
All but one use the CV approach, and the number of studies is about evenly distributed between countries. To make WTP from different countries comparable, estimates from Sweden and Finland were converted to NOK at the year of the survey using annual average OECD PPP rates, and then adjusted to 2005 by use of the Norwegian consumer price index (CPI). For each WTP observation from a study, we coded explanatory variables according to the meta-model specified in (2) (see first column of This is a very common result in MA (Rosenberger and Loomis, 2000b; Johnston et al., 2003; Johnston et al., 2005 . It may also be that two forest plans that only differ marginally in size, may be seen as no different in substance as long as people know for instance that a minimum of biodiversity is protected with both plans. The existing MA literature, with a few exceptions such as Smith and Osborne (1996) , can be said to have under appreciated the potential conceptual and practical problems involved in capturing scope sensitivity across very heterogeneous international studies of complex goods such as wetlands -where WTP/hectare often is used uncritically as the variable explained 12 Although there may also be a distance decay effect, i.e. that people value forests closer to where they live, higher.
13 It is also fair to say that some of the studies had unclear and fuzzy scenario descriptions making it harder for people to judge differences between plans.
13 (Woodward and Wui, 2001; Brander et al., 2006) 14 . Instead, we included other dimensions of the good that may be important to people; geography (local, regional, national levels, country), primarily use, and type of plan (forest protection, multiple use forestry or a mix, urban forests). We also included a dummy for the season of the survey, checking if people display "season illusion".
14 Recent CV studies have moved beyond the relatively simplistic ("bird count") scope debate following the Exxon Valdez disaster in the early 1990s, trying to probe deeper into the issue. See for example Bateman et al (2004) and Heberlein et al (2005) . Note: *p < 0.10, **p < 0.05, ***p < 0.01, Number of survey clusters for models = 27. All models are Huber-White robust estimations. Models estimated using STATA Version 9.1. Models I and II are identical with Models II and III in Lindhjem (2007) .
The simplest approach to estimating the meta-model in (2), which has been used in several MA studies (Loomis and White, 1996; Rosenberger and Loomis, 2000b) , is to treat all WTP observations as independent replications and hence assume that study level error is zero. A more advanced approach, and our preferred choice here, is to apply a Huber-White robust variance estimation procedure to adjust for potential heteroskedasticity and intercluster correlation 15 (Smith and Osborne 1996) . Given this empirical framework, we choose four different models. The first two are linear and double-log specifications, while the third model is restricted in that one observation, which gave very high TE was left out variables show a higher degree of significance than site and programme variables for explaining the variation in the data. This is a potential problem when using the metaregressions for BT, and is common in the literature. Regarding the site and programme variables, the geographical variables in the model show that regional forests are valued 15 Some MA studies use multilevel models, but often find little improvement on the standard models applied here (for example Bateman and Jones (2003) , Rosenberger and Loomis (2000b) ). We therefore do not pursue this approach here. 16 In preliminary analysis we also ran several alternative models, e.g. following Shresta and Loomis (2001) results are somewhat puzzling. It seems that respondents value full protection lower than MUF, but higher than a mix between the two (though not significant through the four models). It is worth noting that in Model IV, the only site/programme description variables left are the local and country dimensions. Further, it also seems to be important to the stated WTP whether forest area and percentage have been explicitly mentioned in the survey. These results are of an exploratory kind, but shows at least that it is not immaterial to people whether it is question of full protection or just a change in existing forestry practices. Finally, the models show that the season variable is negative and highly significant, while the year of the survey influence WTP positively. The discussion of meta-regression results is not elaborated further here since our intention is to use the estimated equations for BT analysis (see Lindhjem (2007) for details).
Transfer error results and comparison of benefit transfer techniques
Within and out-of-sample Mean Average Percentage Error (MAPE)
The first step in our assessment of the suitability of MA-BT involves checking the Mean Average Percentage Error (MAPE) comparing the forecasts of our four regression models in Table 2 with WTP observations. This is first carried out within-sample (i.e.
the models predict single observations in the sample) and then out-of-sample (i.e. N versions of each of the four models are run using N-1 of the data to predict the single out-of-sample observations). For each run, TE is calculated and averaged over all the observations into MAPE
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. The results from these two exercises are given in Table 3 . Notes: *Percentiles calculates the transfer errors in four different segments of the data, when WTP is sorted in ascending order. 17 The MA results for the double-log models allow one to calculate ln(WTP) for each observation, transformed into WTP using antilog. To account for econometric error we add standard deviation (s 2 /2), which estimate varies when the sample changes, prior to transfomation of ln(WTP) (Johnston et al., 2006 ). An alternative, or supplement, for brevity not considered here would be to replace s 2 with the variance of the prediction (Goldberger, 1968 It can be seen from the figures firstly that the precision increases considerably using Model specification IV (or III) rather than II. Further, the figures show that TE is higher
for lower values of WTP, a similar result to Brander (2006) . Calculating MAPE for different percentiles of the data, as shown in Table 3 , when WTP is sorted in ascending order, also clearly shows the error going down for higher WTP (though TE goes up again for the highest percentile)
18
. The predictions also seem to overshoot more often for lower WTP than for the ones above the median, which is an important consideration in making MA-BT conservative and err on the low side. The interpretation of TE for different levels of WTP is important also in terms of calculating a total welfare measure, i.e. summing WTP over the relevant population. For practical CBA it is the TE of the total welfare estimate that is important. If WTP per household from a local survey of a local protection plan is lower than a nationwide survey of a national plan (which is the case in our data), the overall TE for the welfare measures of both plans may "even out"
in the aggregate.
The MAPE of around 60 percent we find for Models III and IV is comparable or somewhat lower than the only two studies we have seen conducting this exercise 18 This is partly a result of the definition of TE, as the same absolute prediction error is higher in relative terms for low WTP values than for high. (Brander et al 2006 (Brander et al , 2007 . Their meta-analyses have 72 and 201 observations, are based on more heterogeneous data, and use regression models with lower explanatory power. In their convergent validity tests of MA-BT Shresta and 2003) find average TE ranging from a low 28 percent to 88 percent, respectively. The withinsample test results of Rosenberger and Loomis (2000b) show mean TE ranging from 54 to 71 percent depending on whether a national or a region/activity specific model is used. The MAPE would be not directly comparable to TE from BT exercises based on single study situations.
TE for different BT techniques
Based on the first assessment above, we compare the two models with the lowest TE (i.e. Models III and IV) with simple BT techniques using a more realistic simulation of actual BT. If we were faced with a policy site without sufficient time and resources to do a primary study, we could use a study from the most similar site, use a mean from studies of similar domestic or international sites, or conduct an international MA-BT
20
.
We compare these techniques in the following way. First we randomly draw one estimate from each of the 26 surveys included in the data, to represent a benchmark, "true" value for a policy site. All observations from this survey are then excluded when the remaining data is used for BT. We then calculate TE for each site, and calculate the overall mean and median TE for each BT technique
21
. The benchmark value has of course its own error in measurement and is influenced by the survey methodology chosen. Nevertheless, a comparison of BT techniques for all sites represented by the data gives a valuable indication of the reliability and level of error that can be expected. Table 6 displays results. The second column is the value in Norwegian Kroner (2005) representing the unknown benchmark value for a site to be predicted. This value can be seen as a rough estimate of long-term household WTP for a forest protection or MUF plan at a policy site, defined by certain site and programme characteristics 22 . Column three displays the raw mean of WTP, regardless of site characteristics, for all observations in the data (except the benchmark study), representing an upper TE ceiling ("the worst you could do"). Column six displays the mean WTP for domestic surveys in the data that have the same site characteristics (the variables defining MUF, forest protection or a mix of the two, and local or national forests were used to assemble relevant value estimates).
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Column seven is the mean WTP when observations with the same site characteristics from the other two countries were also included. For both these mean value transfers study characteristics are ignored. Expanding to include international studies would typically be done if there are no similar domestic studies or because the analyst believes a larger dataset will improve precision in BT. In contrast with the raw mean in column three, we picked the two values closest to the policy site value from the set of domestic or international studies that have the same site 22 We do not distinguish between different formats of WTP in terms of long-term vs lump-sum and individual vs household etc, but assume that the value at the site and the simple transfer estimates roughly represent long-term household WTP (and as the meta-regression results show many of these dummies were also insignificant in the analysis).
23 Using the whole set of site characteristics, i.e. also urban, regional and primarily use value etc have the disadvantage that there often are no observations in the data with exact matching characteristics. A subset was therefore chosen.
characteristics (see columns four and five). This would not be possible in practice, but is a useful indication of the lower bound TE from choosing estimates from single, similar site studies ("the best you could do")
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. Finally, the last two columns give the results from the use of the MA-BT models III and IV. Instead of setting the methodological dummy variables at average values, at 0.5 or at some best practice value as would have to be done in practical MA-BT (for example as investigated by Johnston et al (2006)),
we set the values of these dummies to the same as for the benchmark study. This represents the lower bound TE for the MA-BT models. It would be unnecessary to introduce in our comparison the additional TE implied by the choice of methodological dummy values if the MA-BT models in our "best case" perform only marginally better than the simple BT techniques.
The last four rows in Table 4 sum up the mean and median TE for all BT techniques.
First we ignore that some studies with matching policy site characteristics are not available (marked "na" in Table 4 ). Using the simplest of all techniques, just transferring raw mean WTP from the dataset of forest valuation studies would yield a mean TE of 217 percent. If it were possible to choose the closest value estimate with similar site characteristics, mean TE would be 62 percent if chosen from domestic studies and 71 percent if the set were expanded to include international studies. Taking means from domestic and the whole set of studies with similar site characteristics yields mean TE of 86 percent and 166 percent, respectively. Thus, expanding the dataset to include international studies in this case increases the TE substantially -close to "max" 24 We first tried to use an objective rule to choose a study or site estimate that would most closely resemble the policy site to mimic situation of simple BT . However, this is not straightforward as the set of studies with the full range of site and programme characteristics matching the policy site is often empty. In this case, secondary rules using a subset of the site characteristics need to be applied to end up with a unique, best estimate.
TE of 216 percent. In comparison, the two MA-BT models yield mean TE of 126 and 47 percent, a range that includes the TE from using mean from domestic studies. One reason why the MA-BT model IV gives a lower TE than model III is that simplified models often tend to give better predictions compared to fully specified models. Plotting for the limited set the transferred estimates in ascending order of TE for the MA-BT model IV and the use of domestic mean, respectively, is instructive (see Figure   3 ). percent. We also compared whether BT would work better to certain countries. It seems that there is no consistent pattern, i.e. using an international MA-BT model does not yield systematically higher or lower TE between the three countries (nor do the other BT techniques). Due to the already limited dataset it was not possible to investigate whether a subset of the data matching the policy context better would improve the reliability of the MA-BT models. Santos (2007) investigates a subset of his meta-data and finds no improvement in MA-BT performance, though this result may not extend to our case. Another potentially relevant factor for our comparison that we were unable to investigate due to limited reporting in source studies, is the different level of uncertainty in WTP estimates. A richer BT test could use confidence intervals for the "true value" at the policy site as benchmark, as done by Santos (2007) .
Concluding remarks
This paper has investigated the validity and reliability of international meta-analytic benefit transfer (MA-BT) based on a data set of stated preference surveys of forest 
